SHORT COMMUNICATION

Effect of s t e a m s t e r i l i z a t i o n of soil on t w o d e s e r t p l a n t species
Summary
Franseria dumosa Gray and Hilaria rigida (Thurb.) Benth. ex Scribn. seedlings were grown in a glasshouse in potted soil which was collected from the Mojave Desert near Mercury, Nevada. The soil represented areas under living shrubs and also areas between shrubs. Soil was either steam sterilized or not steam sterilized. The sterilization resulted in greatly decreased yields of plants possibly because of induced P deficiency. It was suggested that symbiotic mycorrhizae necessary for P absorption for the species involved might have been eliminated by the sterilization. The effect did not hold for a noncalcareous soil well supplied with available P. Soil sterilization increased both Mn and Zn in plants. There was an interaction in that plants did not grow well in soil from under shrubs regardless of steaming indicating possible allelopathic effects.
Introductio~¢
Other studies in this laboratory had indicated that Frctnseria dumosa Gray seedlings grew poorly in the glasshouse in soil obtained from the Northern Mojave Desert where this species grows naturally. The purpose of this experiment was to determine if the poor growth could be related to steam sterilization of soil.
Materials c~nd methods
Soil was obtained from near Mercury, Nevada in the Northern Mojave Desert. Soil from under shrubs constituted one test lot and soil from between shrub clumps constituted another. Soil characteristics will be given in a separate report s. The soils were highly calcareous and of pH about 8.5. The soil for half the plants was sterilized in a steam autoclave. F. dumosa seedlings or Hilaria rigida (Thurb.) Benth. ex Scribn. seedlings were planted into 2000-g quantities of each kind of soil in a glasshouse with six replicates. Soil moisture was kept near one-third bar by use of distilled-deionized water. After 90 days the plants were harvested, shoots were washed in distilleddeionized water, dried, weighed, and ground for analysis by emission spec~ro-graphy. There were six replications.
F. dumosa seedlings were also grown with and without steam sterilization in 1000-g quantities of Yolo loam (noncalcareous pH 6) and Hacienda loam (calcareous of p H 7.5). B o t h are agricultural soils f r o m California and the Yolo especially has a high level of labile P. P l a n t s were grown for 41 d a y s and t h e n h a n d l e d as above.
In a t h i r d e x p e r i m e n t F. dumosa seedlings were grown for 42 days in t h e H a c i e n d a loam soil w i t h and w i t h o u t steam sterilization and also sterilized + + 109 / of the original soil for reinoculadon, and sterilized soil +-500 p p m P as KH2PO4. The e x p e r i m e n t was otherwise as before.
Results and discussion
S t e a m sterilization greatly decreased yields of b o t h jr. dumosa and H. rigida ( Table 1) . Neither species grew as well in soil from under shrubs even t h o u g h such soil was far more fertile t h a n the soil from the open area. In fact the F. dumosa grew poorly ill t h a t soil w h e t h e r or n o t it had been s t e a m sterilized. P e r h a p s a degree of allelopathy 1 3 4 6 m a y be involved in which toxic substances in the soil from roots of previous p l a n t s m a y decrease the g r o w t h of new p l a n t s in the same soil. S t e a m sterilization resulted in a greatly decreased a m o u n t of P in plants (Table 1) . This is p e r h a p s the greatest reason for t h e yield decrease. I t could be t h a t the sterilization killed necessary mycorrhizae in soil which are essential to the process of P a b s o r p t i o n b y some species 2 12. This m a y be a s a t i s f a c t o r y h y p o t h e s i s since in a n o t h e r t e s t w i t h a different p l a n t species (bush beans, Pttaseolus vulgc~ris L.) P c o n t e n t of the p l a n t was n o t decreased b y s t e a m sterilization 11. U n p u b l i s h e d studies indicate t h a t this is so w h e t h e r t h e y are grown on calcareous or noncalcareous soil.
Increased Mn availability is a well-known p h e n o m e n o n for soils which h a v e b e e n sterilized b y s t e a m v 9 10. In t h e p r e s e n t s t u d y Mn was increased, b u t p r o b a b l y n o t e n o u g h to decrease yields (Table 1) .
Zinc c o n t e n t s of b o t h species was increased as result of s t e a m sterilization ( Table 2) , and this m i g h t h a v e h a d an adverse effect, particularly w i t h H. rigida. M o l y b d e n u m c o n t e n t was increased slightly by s t e a m sterilization w i t h H. rigida only. Since sterilization often increases the a m o u n t of soluble organic m a t t e r v 9, the effect of Zn and Mo m a y be related to chelation. In the e x p e r i m e n t w i t h noncalcareous and calcareous agricultural soils, P c o n t e n t s of F. dumosa leaves were n o t decreased as result of s t e a m i n g of the noncalcareous soil w i t h a liberal supply of available P, b u t w i t h the calcareous soil, P was decreased as result of s t e a m i n g (Table 2 ). Since this is different f r o m b u s h beans m e n t i o n e d above for the same calcareous soil, it appears t h a t t h e ability to absorb sufficient P is impaired b y s t e a m sterllization b y some, b u t n o t all, p l a n t species w h e n grown in calcareous soil or p r o b a b l y in soil low in available P. Again this indicates a h y p o t h e s i s of t h e need of certain micro-organisms.
In the t h i r d e x p e r i m e n t (Table 3) , P deficiency in the s t e a m e d soil was overcome b o t h by additions of P fertilizer and by reinoculating the soil w i t h nonsterilized soil. M a r t i n 6 Inas observed P deficiency in avocado and citrus seedlings as a result of sterilization of soils. The P deficiency was overcome b y addition of 300-1200 kg/ha P fertilizer. M a r t i n has suggested also t h a t the P deficiency is caused b y the fact t h a t mycorrhizae h a v e been eliminated. 
